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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a monolithic 
light receiving and emitting element which can transmit 
and receive an optical signal where wavelength is divided 
and multiplexed with a single element and an optical 
communication system capable of bidirectional 
wavelength-divided and -multiplexed optical 
communication, using this light receiving and emitting 
element. 

SOLUTION: A photo diode formation region 200FD and a 
face light emitting laser formation region 200SL are 
included in a high-resistance semiconductor substrate 
201 , and these photo diode formation region and the 
face light emitting laser formation region are electrically 
separated, and a photo diode 200B has first and second 
pin-type photo diodes 200B-1 and 200B-2, which have 
different band widths of light absorbing layers, in a stack 
which has a plurality of semiconductor layers stacked on 
an n-type semiconductor substrate 201. The diodes are 
stacked by priority of smaller band width from the side 

of the semiconductor substrate 201, and a light receiving part 220B is made on the side of the 
diode 200B-2 which has a light absorbing layer larger in band width, and this diode 200B can 
electrically convert two different wavelengths of lights. 
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}fc*8MXU fct, tffiflBtel"— If V C S E L 1 <DD B 

ifv c s e l i cofawMaisttiH-rsci:* 1 ^**^ 

[0 0 4 7] *SV*/y#&&ytM¥-2 0 OtCfc^T, 
ffi^ftU-lfVC S E L 1 <DKt)*)lC^ ifcgAi (=8 

U-*f V C S E L 2<flgjER*n^«*tett. nS^Vj 
*hJl2 0 2 A. ^ 1 (DJteRlRg 2 0 3 A, pSny^ 
* hM2 0 4 A*^ftSm4C0p i nS7t h94*- 
F2 0 0 A- 1 «^b-fVCS E L 20aH^« 

[0 0 4 8] (ir/WX(7)g}tX@) 0 1 fc^f 

U S/ 7 *§3S3fciR? 2 0 0 ^ISiXg<9-#iJ£^ 2 

[0 0 4 9] (a) @2^n?^ GaAs 

^6ftS»»R4^IWt®g2 0 liJC, nfAlo.is G 
ao.85 As^5,Mnia^^M2 0 2, i SiG a 



(7) 



Wfffl^F 1 1-330 5 32 



11 

As^6ftS»lO3teaftlRJi2 0 3, p^Alo.07 Ga 
0.93 AsWMpS3V^^M2 0 4, i§yAl 
o.o7 Gao.93 A s*^aSM2©3fe!RlRJi2 0 5, ng! 
A lois Gao.85 A sjb^aSngynV^^ KS2 0 
6, n^Alo.is Gao.ss As^nSAlo.ss G ao.is 
A s 0^7iiU4§nSDBR^7- 
2 0 7 v nS^A 1 0.5 G ao.5 A s^e>ftS nSi^y F 
12 0 8, A 1 0.3 G ao.7 A s*^65^y7ltG a 

T«t^nS*S*?#P«Jg©?SttJi2Q9. pi! A 10 
lo.s G ap.s A s*>645pi^y Fjf2 1 (K p5^ 
A 1 As|2 1 K pMA 1 0.15 Gao.85 AstpSA 

loss Gao.15 as t^mc 20 ^rmmhrcpMB 

B R ^—2 1 2. p§HA 1 o is G ao.ss A sfr 

6*5 pm^yZZ h@2 1 3. %MOVP E (Met 
al Organic Vapor Phase Ep 
i t a x y) ftkiitjTIWC^li^+S/ir^ja**^ 

Effi*BJl\fc*\ MBE (Molecular Bea 
m' Epitaxy) S&St^ttL PE (Liguid 20 
Phase Epitaxy) S^ffl^tt^^c 

[0 0 5 0] (b) Me, B3K7&r&$tC, SEE&C 
VD (Chemical Vapor Deposit 

ion) ftiaotXlf^+^tMSI±{i:2 5 n m 

&m<Ds i 02^^*^^miK2 1 4*»j«-rSo c 

4>Rft{*K2 1 4fcl<k^T. xlf^*S/tWIiiD^ 
[0 0 5 1] Jfefc; ffi5§3teU-tf«J««*2 0 0 S Etc 
J^J«««2 OOF DtCfeV>TnSin>^^ h/f2 0 6 B 30 

*«tH-rss^sj£tt>f*>fer"-^xy^>y (RIB 
e) m^zo^y^i/yzn^o ms©^*- 

^±»^itflWmx7fV^lte«352 3 

n3yn>^^ b/i2 0 2 B^garr sstxyfm 
Ta*«e2.3 2*^j«"r5o cn&«ett«2 3 i*?* 

cn»cK&nsfeotftt*i^o' s«a^2 3 1 40 
fecktf 2 3 2*^-r«)iH»tta?Tfc^sfcft^^ 

[0 0 52]^ 7*hW-HM9i«2 0 0 F 
D*7tH/^XHa^TVX+V^U ffi 
*JtU-lHg««W2 0 0 S Lfe*WXir^«i5 

SP2 3 3, 2 3 4, 2 3 5fcj;(f.2 3 6W^o ? 
?>tc, 7* h^*" KM»«2 0 0 F DfcI»)Kl/ 
-*fi&S««2 0 0 SL fc*#^Sfc&©5>«»2 3 

[0 0 5 3] IT, *fi«Bttiittli:^<onT*0 so 



12 

[0 0 5 4] (c) #IC> g4^«9^ 7tM^ 
»fffiOftUa*ffofe«. gffSCVDgfccfcoTxW 
i§SftjK2 1 4*3&tejej*T*„ CZlf, ft«»2 3 

1 tp±fficoap^«§jtgP2 2 0 b tft&tc^ mmwm 

2 1 4 »£jfeg|$2 2 0 Bte*lf^T««»fcg«l»Jt«* 

JBaSidte, S3t»2 2 oBTOBHIttHz 1 Atom 
»tt. e©3^W»«^3tt*fcLT^-r*3to2»S. 

fe, ifre/s«feu 0 0 s Lfcinrvctt, a± 

m^p^xi>^^ hs 2 1 3©±ffittW»p%«ij«- , rs 

fc*. c(Offl«P3^iS#I^X7f>^cj;oT 

[0 0 5 5] (d) ai^n^ic:, nfflnv 

^^M2 0 6 B_hOi§W{*:§i2 1 4 BtC§^gR2 2 0 
B*Ht?y>^R3V*^ h*-;l/*Bi»TiiM*— ^ 
-y?Sffi2 1 6B*MU 0H*fc:, nfcy^^M 
2 0 6 A ±<Dm%ftm 2 1 4 A Ic y y^yW h 

£o IpHitdLT. pS3V??H2 0 4A6 

it/2 0 4 BcOX-r^^S 3 fecfctf S 2 ^_hffi(c pgLbj- 
-^'^lfi2 1 7AW2 1 7B*Mt5 0 
tc, nSa>^^ FJf2 0 2 B^StU*r^X-r*yys 1 
±tcZn§y^-^ 7^182 1 8B««o ?LT, 
fM*P2 2 0 A*flfc9B<&ck?fc^ pS*-^7*ti 
2 1 5*Bf&TZ>o 

[0 0 5 6] ^SS^MTti. p^PV^ hB2 0 
4B (pSJnv^ hM2 0 4 A) *ail*<J:tf»2(0 
p i nl7thm-H (»3:fecfctfSl4<9p i 

l^u & P i nmy* b#4*-F%maznttz& 

A 1 o.o7 Gao.93 A sfr6&S*ft!l!W*»ALT\ £<0 

tmm<o±yco pm?y$? bmiczn^n p 

[0 0 5 7] (7*/*>rx©»ft0 CthKWbfeJ:^^ 
4*WeOJfcffi<D*/ U S/ >y ^^fft? 2 0 0 ft. 
3feb— tf V C S E L 1 ($fttiVCSEL2) t7th 
m^F2 0 0 Bi:*Wt5o ^LT. !7*F2V# 
-K2 0 0 BB, ^lfc<fetf»2©7* h^*-F2 
00B-lfcJ:tf2 00B-2^U S*Si£fi£>3E 

-fVCSELl (SftttVCSEL2) OT»fc*4, 
Wabfc»l**tf»2©p i nS7^ h^V^-F? 
00B-1 fcitf 2 0 0 B-2 £K«t*»3:fe<fctf»4 
(Dpi nS7t F£V:*— F2 0 0 A- 2*5<ktf2 0 0 
A - lSrttScifr^ BnS83fcU-1fVC S ELlS 
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/ctiVCSEL2^>mW7 I £fi^3S/c^m4^p i n 
m?* h^*-F2 0 0A-2S^2 0 0A- UC 

co 0 5 8] *mz<DBMicm%*:s visvtgmytm 

*F£V:*-F) *5fi»««T2 3}©c»teE«-racfc 

cos*. ifetwaisiiiioT, a®«ss^©ffi 

Ml^-ftOAPC (Auto Power Cont 
rol) flinJlKTfcSo 
[0 0 5 9] (%K0J£jtt2) 

*/iJ5/y*2f8ft*?4 o o<D 3 Fffi*«S«fc^'rS 20 

0 0^B~B' ftlcJS^ftKiSiaW^tft ^8 

g 6 tSt^y U S/ 7 4 0 0 (DA - 

[0 0 6 0] ^SVisyir&mytm^l 0 0&, 4o<d 

FJ&SWK4 0 0 FDL ffl»3ttt/-1f»«««4 0 0 

[0 0 6 1] {?* h^^-F) 7* h^>f*-K« 
/£fg**4 OOF Dfc}gj«*tl*:7* h^^-F4 0 0 ao 
Bfri. @7^«9lC, G a A.sfr5ft«SfiK¥S|- 
fta«4 0 1±tc. pSGaAs^48pl3V>^ 
HI4 02B (pi) , iiAhGai-a A sfr&&£ 
ffll Wfc9&l&«4 0 3 B (i 1) , niA hGai-b A 
s^ft§nS3^^H4 0 4 B (nl), iiA 

1 cG ai-c A sfr£&5^2^7fc»lRJi4 0 5 B ( i 
2). pSAldGai-d As*^42pl3^^M 
4 0 6 B (p 2) . ¥*6JittA KG ai-e A sfr£&3 
*fel®4 0 7 B (SI). p^A IfGai-f As^6»& 
^pS3^^M4 0 8B (p3) , iSAlgGa 40 
i- g As^?.^3(?)MlRi4 0 9B (i3), n 
iAUGai-h A sM45ni3>W M4 10B 

(n2K iS^A hGaM A s fr5&S£4 (DftfRlR 
14 11 B (14), fecfc^piA 1 j G ai-j A sfr?> 

«pS^^^M4i2B ( P 4) vmuwisn 

Tl^o fit, h/S4 0 2 B, 4 0 4 B, 

4 0 6 B, 4 0 8 BfeJ:tf4 1 0B<D-gB^aUl-rSJ; 

Ttt. M4 o 6 BO±Ik:M?nft^T7 

7S^^LTV>«o so 
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[0 0 6 2] Sfc. *NM*»fi4 0 1 ±fcJ0J5&*nfc* 

is, s/v ?ymitm%Efrzmj&zn&mm&m4 1 3 

a^/SStrtVSo C<DS§«ft:§I4 1 3<DT*ffi«, ^ 

»affi4 0 1 k:siBi-rsj;'5fcjgj5E«nTi^So sfc, 

p^riy^ H4 12 BCD_h®0§7tSR4 2 0 BT* 

[0 0 6 3] * *«*s® 4 0 1 ±tej&ssnfc 
.*»o^»{*ji^6aa«»*^sH^a, HM4 

1 3*^LT*ftlitt©aii»Jf4 1 4 B^M^tlt^ 
a o C©8B4»JI4 1 4 B&, m^U-Y^ F&£<0 
W^ttWflg^ffitc. S/Ua>*fb«, ^UaylftE 

[0 0 6 4] s^k:. mmrzmnfoM* 1 3*<fctfa 

&#JI4 1 4B(7)±ffiiai, 06^t<fc^^ #ny 
^^M4 0 2 B, 4 0 4 B, 4 0 6 B, 4 0 8 B, 4 
1 0 B^o^r/4 1 2 Bt^g^^na^-^>y^«ffi4 1 
5 B a- 4 1 5 B f &ffi&(Drt#^ >T?JBjS£tTEV 
?o ^-57^184 15Ba, 4 1 5Bb, 415 
Be, 4 1 5 B e**tf 4 1 5 B f ti. g7^f «fer 
tc N S}&#Jp4 1 4 BtM^nftnyJ? F*— 
cD^m^ (4 1 6Bc^0/^t§) ^LT, Xf7 
^fcl>TS(tltS^y^^ H4 0 2 B, 4 04 
B, 4 0 6 B, 4 0 8B*5j:tf4 1 OB^l^gl 
?nt^? 0 Sfc. ^y?®IS4 1 5Bdtt, 
»§i4 1 3fcJgJ«Snft3V*^F*--;l/rtOSP«f4 

1 6Bd^iia^^M4 1 2 b tmnmic&M 

[0 0 6 5] pSin:/*^ h/f4 0 2 B, » 1 ©JtKiR 
14 0 3 Bte^t/nSny^^ h/f4 0 4 ElC^^rm 
I (Dp i nS7 1 h ^Vt- F 4 0 0 B - 1 ^«Jtl 
£o nin>^^M4 0 4 B, (WlfflftlRW 4 0 5 
B;&<ktf p?gri:/£? bM4 0 6 BlcJ:^T^2^)p i 
ni7* h^*- F4 0 0 B-2tf«fiS$n$o p§i 
37^^M4 0 8 B, M3<D3fc5RH$yf 4 0 9Bfe<ttf 
n^V** M4 1 0 B(lJ:oTS3^p i nS!?* 
h^*^F4 0 0 B-3S«j8SnSo fit, n§!J 
hS4 1 0B, ®4^t»iRJi4 1 1 Bfccfctf 
pM^Zsi*? M4 12 BfcJ^T. ^4(7)p i nl7 
* h 2V*- F 4 0 0 B - 4 tm&ZtlZo 
[0 0 6 6] CCX\ pS3^^h|4 0 2 B, fgl 
©JCRIRJ14 0 3 B, nSiny^^ hjf 4 0 4 B, %2 
©3HRI6W4 0 5 B, pS^y^F/f 4 0 6 B. ffeSf 
14 0 7 B, pM^y*? F/f 4 0 8 B, ®3£>ft®lR 
14 0 9 B^ nlny^^H4 10B, ®4^5t9SiR 
«4 1 1 B^tfpSd^^ F/f 4 1 2 BCD&JlOA 
l«ffl^iai, a<c<g<i<j, c^b. 

[0 0 6 7] r**>*, 0 7^tcfc9^ 
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4 0 3 B-4 1 2 BOy^y WU<D2-*fr$ : -lc$m?Z> 
^g^r^tl^tl A g a ~ Agj t~$~Z>t, Agj <A gl < Agg 
< CAgc < CAga N Agb^Agc N Agd^Age^Agf^Agg^ 

^ A B h<Agi fci>5ii«^rica:-rso 

[0 0 6 8] ^ig^Si^M^t/c^^fig 1 tffl 

4 1 1 B"PK«SKK*tlSo StfiAgi ±Dfefi»SW 
OAgg J;t)fe^^g(/)^^4a)7 , c®iJXjS4 l l B* 

SftAgg <fcDfi»S^frO»-gA B c £0 fejft^g 
<03fett, S! 4^^/14 1 1 B*5&ZfW3<Dffi&Wa 
4 0 9 BfcjggU ^2£D7fe®iR«4 0 5 BT!£^»lK 

S<Z»tfcJ\ S!4<D^i&/l4 1 1 B, ^3£>ft«iRJf4 

[0 0 6 9] St Agj<A g i tt> ppav^^hJf 
4 1 2 B^MtLT^tg^/c^^cl^^^D, S 

A g h^A g i »4®3^kj*4 1 i B*mm 

Lftm\ nSJn>£?FJf4 1 0BT*KlR£ft-ricS 
iU »<^3<7)MiRi4 0 9 BT«n§J; ! - 
■9^*rSfcfeTfeSo Agd ^Age^Agf ^Aggs fccfet; 
Agb $ Age |p|«<0ffiS^J;So 
[0 0 7 0] *SeMOJB*te«S;7* b#J*- F4 0 
OBli, ^KD7*F£>f:*—F4 0OB-1 tm2<0 
y* F#V*-F 4 0 0B- 2 *y-Fi?na* 

-5y^«wc*eiaw*tu ^3^^^-h^v 

F4 0 0B-3£^4<D7*h£V;i---F4 0 0 B so 

tltt^o ^bT, 7*h^-f*-F4 0 0Bfc;felr^T 
fcf, 8SBU14 0 7 BT?»tt*nS±T«>2j|at07* 
-r*^h\ t&fc"5p i nS7t hijr-r*- K4 0 0 B 
— 1 <h 4 0 0 B — 2 fctOffi*^*)^ Mtf K p i n!7 
* b^#-F4 OOB-3£400B~4 fc<Dffl## 

TfeSfcfe, £T<Dp i n^7*F^r#-FlC*fbT 

"TSo 40 

[0 0 7 1] cKDcfc-9^ N 7* h#J*^ F4 OOBt 

*0<Dp i nHi7* F2V#- F400B-1-400 B 

So ^LT, iSSAu A?. Aafcjctf A< (A 4 <A 3 < 
A 2 <Ai) ^T«S^*<3^«*fr3»fr Agj 
< A 4 :S A gi , A g i<A3^Agg> Agg<A2^A g cfr 
A gc <AiSAg3, fcftS£5fc}tfi<D»g*3K 

[0 0 7 2 ] ■ *Sat€»gJiTftt. *Wf*JB«firick:fcl^ so 
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T, a = 0, b = c = 0. 0 4 2, d = e=f = g- 

0. 085, h = i =0. 133, *5<fctfj -0. 18 

4fcLfcfc* > 

A g a ^ 8 7 0 n m 

Agb=A gc =840nm 

A g d=Age=Agf = Agg = 8 1 Onm 

Agh = A g i^780nm 

Agj 7 5 0 n m 

SrtTO 4p)tiBc0SSAi-A4*_fcffi^*8lfe'r*5 

Wfctf* Ai - 8 7 0 nm, A2= 8 4 0 nm, As 
-8 10 nmio&Zf\4= 7 8 0 nmtt£«i:^ 
<fc*K #-<D7* h^V*-F4 0 0 Bic^oT, Cft 

5o4»fi©3t*«ta , racfctf7?#So 

[0 0 7 3] Cffi58)fe U-<90 ffi^Tt If «^«tt 4 
*-K»«W4 0 0FD^i»I4 0 2 B-4 12 

[0 0 7 4] "T^*^, ®^3tU-1f}gj8«#4 0 0 S 
Ltftt. JSSK*S*f*SS4 0 1 _t^, pSrr;/£? F 
14 0 2A, ^l(?))tMf 4 0 3A, ni^/WF 
/f4 0 4 A, m20>tKlK/i4 0 5 A, pfcV^^h ■ 
I4 0 6A, *6^il4 0.7A, pSin >^ hg 4 0 8 
A, ^3 (O^t^MM 4 0 9 A , nSay^M4 10 

A, ^ 4 ©JtKiKJi 4 l l A, fc<fccf plny^^ FJf 

4 1 2 A*W*?tVT^S 0 ®8THi, ^»f4 0 3 
A-4 0 7 A<PB^**WLtV«o 

[0 0 7 5] ^etc, pIny^^hf4i2AJ:?)± 
Sit«IB«^©0»)fclx-if V C S E Ltf&f&Zfi 
ffi^SfeU— IfVCS E Ltt. «5A4 (-7 8 

[0 0 7 6] tfVC S E L«> pgAlo.i5 

Gao.ss A sfr^)^:Sp5!lzi>^^ hS4 1 2 A, pS!J 
A 1 o.is G a 0.85 A s £ p§y A 1 o.85 G ao.is A s^S 
SIC 3 0 ^7«B L , ifcg A 4 f*i£0»S^))tlc*f L 9 
9 . 5 %tt±OKJW**#rp p ^»*K«S!*Ji«l5 9 
- (DBR^7-) 4 0 7, pS^A I 0.5 G ao.s A sfr 
54§pS^77 FJ14 0 8, A 1 0.3 G ao.? A s/^J 
7l^GaAsif^Pl^4^ IfftFltfSl 
T«J*?nS^S#?»P«Ji©?gtt«4 0 9, niA 
I0.5 Gap.5 As^Mn»77Fl4 10, nS 
A 1 A s|4 1 1, n^A 1 o.is G ao.ss A s ^nik J A 
1 0.85 Gao.is- As^S^2 0^7fiU JggA 4 
{>fifi«>*fi©jtfc:*fb9 8. .5-~9 9%<DKSMs*i$o 
nSDBR^7-4 12 N ^I/nSAlo.is Gao.ss 
AsA^S:5ni3^^H4 13, ^JiR^xtf^^ 1 

^fMgiaw^nn^o nSAiAs 

5 4 1 llctt, ^*£>f*^€)i*X«Sffi^**±frfafe 
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&<r>mmem 4 1 9 trnvrnwc £ t> mm? nx^ 

HS4 12 A©-^«ttl-rs«J;d»c x X-r-y^ 
[0 0 7 7] $fc, ^#ftg&4 0 1 ±f^j££nfctt 

3<fl^snn^. <r©s§«*§i4 1 3 », sssftu 

-+FVC S E L©miKfP4 2 0 A©gP#T?li|^£SftT 

14, §§«#lli4 1 3*^bT«SBtt«!)Sii&ii»Jl4 1 4 10 
A«?tl.T^5„ C ©aa&j&Wf 4 1 4A«, X* 

h^*- KJ&aMl«4 OOF DT°Bl&-ZWtMlb&&- 
M4 1 4 B£ffltoMn.%m^ZC 

[0 0 7 8] £?>lc, BSBfcU-' f VC S E L<DtB*fP 

4 2 0 kcommciz*— ^.-yfwm4 1 sha^mis.? 

ftTVSo HfejA^/14 1 4 A©±ffilc«, 136 

£;jVr <fc ? fc> nSIri^^^ hM4 10 Afejctf p§y,3 
>Zi/,hm4 1 2A£g^£*l3*-=-v?Wg4 1 5 
Ab*5<fct/4 1 5 A ctfffi%.<D/W-*>-l*J&l$,-ZtlT^ 
&o 5. y if MIS 4 1 5 A b*5<fct>*4 1 5 A cli, 20 

0 8lC^-f cfcdfc, fflA6iA^»4 1 4AlC^?tl7c3 
h*-;W©lti4 1 6 A bfecfctf 4 1 6 A c 
^LTXT-^yicfct^TSttl^Sny^^ FfM 1 0 

A43*tf4 1 2 Afc^WteSsKsnrvSo 

[0 0 7 9] c©ffi58JteU-tf}&SflSS4 0 0 S Lfc^ 
VT«, mWtV— tfVC S E LOTfc> nlny^^; 
I-I4 10A, ^4©ft«RiBUl4 1 1 A*5<fctf pMav 
^^h!4 1 2AW4Sp i n!7t b ^-Y^- K 4 
0 0A-4«?n, C(pp i nl7* h#-f*— F 
4 OOA-4££oTffi5£ftl^1fVC S E L©ttll^ » 

[0 0 8 0] (-r/WXtDgjgXg) >5«C, @6~i8 

tc^-r^y y ~> y * saltan 1 400 c«hm<d-#!1 

[0 08 1] (a)Sf, fllM*#MS4 0 1± 

4 0 2 B , <r>JQ%MM 4 0 3 B , nln^^M 
4 0 4 B, ^2©3t®lRjf4 0 5 B, pM^y^^hW 
4 0 6 B s 1@BB4 0 7 B, pS^^^f^ M408 
B, Wt3<DymWa4 0 9 B, nW^iy*? FJI4 1 0 <o 
B, &4©Jt®l|S»4 1 1 B, *5<fctf pS!3I/** hM 
4 1 2B*J«»Xl£**S/ + ;l/jfigS#S„ 
*§T?li, 7* b^-Y*- F^A1B«4 OOF D^Jife* 
¥#0*4 0 2 B~4 1 2 BCDm&tmW^ S5«3feU 
—tf«fig««4 0 0 S L <9#¥SW*JH 4 0 2 A~ 4 1 2 

[0082] (b) nm<DBm \ tmmi^ ns. 
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[0 0 8 3] 3fcfc, 7* FJ&#ffitt4 OOF 

Wtl'-^fcf}>m$,4 0 0 S LtM^TVX^fDJg/frfc 

[0 0 8 4] #fc, ffi»)ttU-^jjMW4 0 0 S L£r 

hJI4 0 2 B^Sffl-rSST% xk^^->-wI/#tfi 

iSB^Iyf y^Lt, ^3>;Sr^ h!4 0 2 B, 4 
0 4B, 4 0 6 B, 4 0 8 Bfe3;O*4 1 OBClIO 
f-y^MtS, H7fcfe^Tt*, 3>^^M4 0 

PIS^n-T, #-5y?®|£4 1 5 B a~4 1 5 B c, 
4 1 5 B ei3<fctf4 1 5 B f fc3^;7 M4 0 2 B, 
4 0 4 B, 4 0 6 B, 4 0 8 B&£Zf4 1 0 B £<D=iy 

[0 0 8 5] 7^1-m-PMI«4 0 0 

F D tWSBM WflRJWW 4 0 0 S L £*KMTZ>ftL 

[0086] (c) m&<omm tmm^. y* 
i^?>§§ii#i4 1 3*jgfi8-rs. fur, sjta 

4 2 0 B(cfetJ5^*i*Jg4 1 3 ti, «»Mi:S#fl55it 
[0 0 8 7] (d) Xlf^*>>-V7H«fijB©HH 
*«4 1 4 B*^-TSo fflii*a4 1 4 BCDBf&fim 

imte.mfezn%^t>\ wmtmmvm&icit. x^y 

K{fcM«?)*&fc: tt X kf y * y xjsfefc * t) J&frf S C 
[0 0 8 8] (e) ^tc, 0 6*3j;r>'ia7fc^-rJ;^ 

tc, X* mmffii&4 OOF D(C*3^Ttt, 

7^«r#trrp-bXfc<fcoTai4* l S4 1 4B£J&£T 
5o Sfc. H«#:K4 1 30»ffll9J»fct.3>^^h*- 



(11) 
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* NOTICES * 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the monolithic carrier light emitting device which a light sensing portion is formed in the 
pin type photodiode side in which a bandwidth has the largest optical-absorption layer, and can carry out 
optical - electrical-and-electric-equipment conversion of the light of the wavelength from which 
plurality differs by being carried out the laminating of the type photodiode aforementioned [ pin ] from 
the aforementioned semiconductor substrate side to the small order of the bandwidth of the 
aforementioned optical-absorption layer including two or more pin type photodiodes which have the 
optical-absorption layer of a bandwidth which is different on a deposition object characterized by to 
provide the The photodiode formation field where a photodiode is formed on the semiconductor 
substrate of high resistance. They are two or more semiconductor layers by which the surface emission- 
type laser formation field in which a surface emission-type laser is formed at least was included, the 
aforementioned photodiode formation field and the aforementioned surface emission-type laser 
formation field were electrically separated, and the laminating of the aforementioned photodiode was 
: carried out on the aforementioned semiconductor substrate. 

[Claim 2] It is the monolithic carrier light emitting device which it has the deposition object formed : 
simultaneously with the deposition object which has two or more semiconductor layers from which the 
aforementioned surface emission-type laser .formation field constitutes the aforementioned photodiode in 
a claim 1, and a perpendicular resonator type surface emission-type laser is formed above this deposition 
object, and can detect the outgoing radiation quantity of light of the aforementioned surface emission- 
type laser by one which is contained in the aforementioned deposition object of pin type photodiodes. 
[Claim 3] The pin type photodiode of the above 1st and the pin type photodiode of the above 2nd are a 
monolithic carrier light emitting device shared in a contact layer with the single contact layer of each 
same conductivity type including 1 set of photodiodes which consist of the 1st and 2nd pin type 
photodiodes which the aforementioned photodiode adjoins in a claim 1 or a claim 2. 
[Claim 4] In a claim 3 on the aforementioned semiconductor substrate . The 1st contact layer of the 1st 
conductivity type, The laminating of the 1st optical-absorption layer, the 2nd contact layer of the 2nd 
conductivity type, the 2nd optical-absorption layer, and the 3rd contact layer of the 1st conductivity type 
is carried out to this order, the pin type photodiode of the above 1st It consists of a contact layer of the 
above 1st, an optical-absorption layer of the above 1st, and a contact layer of the above 2nd. the pin type 
photodiode of the above 2nd It consists of a contact layer of the above 2nd, an optical-absorption layer 
of the above 2nd, and a contact layer of the above 3rd. When wavelength equivalent to the energy of the 
bandwidth of the optical-absorption layer of the above 1st, the contact layer of the above 2nd, the 
optical-absorption layer of the above 2nd, and the contact layer of the above 3rd is set to lambdaga, 
lambdagb, lambdagc, and lambdagd, respectively, It lambda-gb<=lambda[ lambda-gd<lambda- 
gc<lambda-ga(ing) and ]-gc(s), comes out, and is a certain monolithic carrier light emitting device. 
[Claim 5] The monolithic carrier light emitting device in which the aforementioned 1 set according to 
claim 3 of photodiodes are prepared in the both sides of an insulating layer, respectively, and four pin 
type photodiodes are contained in a claim 1. [Claim 6] In a claim 5 on the aforementioned 
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semiconductor substrate The 1st contact layer of the 1st conductivity type, The 1st optical-absorption 
layer, the 2nd contact layer of the 2nd conductivity type, and the 2nd optical-absorption layer, The 3rd 
contact layer of the 1st conductivity type, an insulating layer, and the 4th contact layer of the 1st 
conductivity type, The laminating of the 3rd optical-absorption layer, the 5th contact layer of the 2nd 
conductivity type, the 4th optical-absorption layer, and the 6th contact layer of the 1st conductivity type 
is carried out to this order, the 1st pin type photodiode It consists of a contact layer of the above 1st, an 
optical-absorption layer of the above 1st, and a contact layer of the above 2nd. the 2nd pin type 
photodiode It consists of a contact layer of the above 2nd, an optical-absorption layer of the above 2nd, 
and a contact layer of the above 3rd. the 3rd pin type photodiode It consists of a contact layer of the 
above 4th, an optical-absorption layer of the above 3rd, and a contact layer of the above 5th. the 4th pin 
type photodiode It consists of a contact layer of the above 5th, an optical-absorption layer of the above 
4th, and a contact layer of the above 6th. The optical-absorption layer of the above 1st, the contact layer 
of the above 2nd, the optical-absorption layer of the above 2nd, The contact layer of the above 3rd, the 
aforementioned insulating layer, the contact layer of the above 4th, the optical-absorption layer of the 
above 3rd, The wavelength equivalent to the energy of the bandwidth of the contact layer of the above 
5th, the optical- absorption layer of the above 4th, and the contact layer of the above 6th When referred 
to as lambdaga, lambdagb, lambdagc, lambdagd, lambdage, lambdagf, lambdagg, lambdagh, lambdagi, 
and lambdagj, respectively, It lambda-gh<=lambda[ lambda-gj<lambda-gi<lambda-gg<lambda- 
gc<lambda-ga(ing), lambda-gb<=lambda-gc(ing), and lambda-gd<=lambda-ge<=lambda-gf<=lambda- 
gg(ing) and ]-gi(s), comes out, and is a certain monolithic carrier light emitting device. 
[Claim 7] It is the monolithic carrier light emitting device from which between each pin type photodiode 
is electrically separated by the insulating layer in the claim 1, respectively. 

[Claim 8] The light of the wavelength from which plurality differs including a monolithic carrier light 
emitting device according to claim 1 to 7 Outgoing radiation and the 1st detectable carrier light emitting 
device, A monolithic carrier light emitting device according to claim 1 to 7 is included with optical 
waveguide. Outgoing radiation and the 2nd detectable carrier light emitting device are contained in the 
light of the wavelength from which outgoing radiation and detectable plurality differ by the carrier light 
emitting device of the above 1st at least. The optical transmission system for bidirectional wavelength 
division multiplex optical communication with which optical connection of the carrier light emitting 
device of the above 1st and the 2nd carrier light emitting device was directly made by the optical 
waveguide. 

[Claim 9] It is the optical transmission system which the aforementioned carrier light emitting device 
has arranged two or more monolithic carrier light emitting devices according to claim 1 to 7 in a claim 8, 
and was constituted. 

[Claim 10] It is the optical transmission system constituted combining the light emitting device in which 
the aforementioned carrier light emitting device contains a surface emission-type laser in a claim 8 with 
a monolithic carrier light emitting device according to claim 1 to 7. 

[Claim 1 1] It is the optical transmission system whose aforementioned optical waveguide is an optical 
fiber in either a claim 8 - the claim 10. 

[Claim 12] The optical transmission system arranged so that the outgoing radiation mouth of the 
aforementioned surface emission-type laser which constitutes the above 1 st and the 2nd earner light 
emitting device and the light-receiving side of the aforementioned photodiode, and the optical- 
transmission section of the aforementioned optical waveguide may counter optically in either a claim 8 - 
the claim 1 1 , respectively. 



[Translation done.] 
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DETAILED DESCRIPTION 

( Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the optical transmission system 
using the monolithic carrier light emitting device and this suitable for using for bidirectional wavelength 
division multiplex optical communication. 
[0002] 

Background of the Invention] In recent years, high speed and the bidirectional wavelength division 
multiplex optical communication in which mass communication is possible attract attention. An 
example of the conventional technology of this bidirectional wavelength division multiplex optical 
communication is shown in drawing 13 . 

[0003] In drawing!! , the bidirectional wavelength division multiplex optical communication using the 
light of two wavelength is shown. In this example, as a light emitting device, semiconductor laser 1 
(wavelength lambda 1) and 6 (wavelength lambda 2) is used, and the photodiodes 5 and 8 detectable, 
respectively are used in wavelength lambdal and lambda2 as a photo detector. And semiconductor laser 
1 and a photodiode 8 are formed in one side, and semiconductor laser 6 and a photodiode 5 are formed 
in an another side side. Semiconductor laser 1 and a photodiode 8 are connected to an optical fiber 3 
through a splitter 2. Moreover, semiconductor laser 6 and a photodiode 5 are connected with an optical 
fiber 3 through a splitter 4. And in this optical transmission system, bidirectional wavelength division 
multiplex optical communication can be performed by performing luminescence and light-receiving 
simultaneously using two light from which wavelength differs. 

[0004] However, since the splitter for needing the individual semiconductor laser and individual 
photodiode of the number according to component light, and separating light spectrally, in order to set to 
this optical transmission system and to transmit and receive the signal light of two or more wavelength 
components is needed, it has the problem that an optical circuit becomes complicated. 
[0005] 

[Problem(s) to be Solved by the Invention] this invention solves such a technical problem and the place 
made into the purpose is to offer the monolithic carrier light emitting device which can transmit and 
receive the lightwave signal by which the wavelength division multiplex was carried out with the single 
element. 

[0006] Using the monolithic carrier light emitting device concerning this invention, other purposes of 
this invention do not require optical parts, such as a splitter, but are to offer the optical transmission 
system in which bidirectional wavelength division multiplex optical communication is possible by the 
very simple optical circuit. 
[0007] 

[Means for Solving the Problem] The photodiode formation field where a photodiode is formed on the 
semiconductor substrate of high resistance [ the monolithic carrier light emitting device concerning this 
invention ], The surface emission-type laser formation field in which a surface emission-type laser is 
formed at least is included. The aforementioned photodiode formation field and the aforementioned 
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surface emission-type laser formation field are separated electrically, the aforementioned photodiode 
Two or more pin type photodiodes which have the optical-absorption layer of a different bandwidth are 
included in the deposition object which has two or more semiconductor layers by which the laminating 
was carried out on the aforementioned semiconductor substrate, the type photodiode aforementioned 
[ pin ] A laminating is carried out to the small order of the bandwidth of the aforementioned optical- 
absorption layer from the aforementioned semiconductor substrate side, and a light sensing portion is 
formed in the pin type photodiode side in which a bandwidth has the largest optical-absorption layer, 
and optical - electrical-and-electric-equipment conversion of the light of the wavelength from which 
plurality differs can be carried out. 

[0008] Two or more light which has different wavelength is detectable by according to the photodiode 
of the monolithic carrier light emitting device of this invention, carrying out the laminating of two or 
more pin type photodiodes which have the optical-absorption layer of a different bandwidth on a 
semiconductor substrate, and carrying out incidence of the light from the pin type photodiode side in 
which the sequence of the laminating is the small order of the bandwidth of the aforementioned 
semiconductor substrate side to the aforementioned optical-absorption layer, and a bandwidth has the 
largest optical-absorption layer. 

[0009] For example, when it has the n-layer optical-absorption layer of a different bandwidth 
sequentially from a semiconductor substrate, It is long wave length from the wavelength which the light 
of wavelength shorter than the wavelength equivalent to the energy of the bandwidth of a layer [ n-th ] 
optical-absorption layer is absorbed by this layer [ n-th ] optical-absorption layer, and is equivalent to 
the energy of the bandwidth of a layer [ n-th ] optical-absorption layer. And a light shorter than the 
wavelength equivalent to the energy of the bandwidth of the layer [n-lst ] optical-absorption layer is 
absorbed by the layer [ n-lst ] optical-absorption layer. And even the n-2nd layer, the 1st [ at least ] 
layer of the same optical absorption are performed one by one. Consequently, the light of the 
wavelength from which n differs is individually detectable with a single photodiode, respectively. 
[0010] Moreover, since the monolithic carrier light emitting device of this invention has a surface 
emission-type laser at least, the outgoing radiation of the light of specific wavelength is possible for it 
with detection of the light by the aforementioned photodiode. Moreover, it is easy by using a surface 
emission-type laser as a light-emitting part to make monolithic carrier light emitting devices or a 
monolithic carrier light emitting device, and a light emitting device approach, and to arrange two- 
dimensional. 

[001 1] As for the aforementioned surface emission-type laser formation field, it is desirable for the 
outgoing radiation quantity of light of the aforementioned surface emission- type laser to be detectable 
with one which it has the deposition object formed simultaneously with the deposition object which has 
two or more semiconductor layers which constitute the aforementioned photodiode, and a perpendicular- 
resonator type surface emission-type laser is formed above this deposition object, and is contained in the 
aforementioned deposition object of pin type photodiodes. 

[0012] To a semiconductor substrate, since it is perpendicular, a perpendicular resonator type surface 
emission-type laser has monolithic-izing easy for the direction of outgoing radiation of a laser beam 
with a photodiode. Furthermore, the monitor of the quantity of light of a laser beam can be carried out 
by one which is directly under a surface emission- type laser of pin type photodiodes (pin type 
photodiode which has the optical-absorption layer by which the outgoing radiation light of a surface 
emission-type laser is absorbed) by having the structure which piled up the perpendicular resonator type 
surface emission-type laser above the deposition object which constitutes a photodiode. Consequently, 
APC (AutoPower Control) of a perpendicular resonator type surface emission-type laser is possible by 
very easy composition. 

[0013] In the aforementioned photodiode, 1 set of photodiodes which consist of the 1st and 2nd 
adjoining pin type photodiodes are contained, and, as for the pin type photodiode of the above 1st, and 
the pin type photodiode of the above 2nd, it is desirable to be used in common in a contact layer with the 
single contact layer of each same conductivity type. Thus, by sharing the contact layer of two pin type 
photodiodes, the number of semiconductor layers can be reduced, it cannot come out of a device as 
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much as possible small, and the number of processes of a manufacture process can be lessened. 

[0014] The number of the pin type photodiodes which constitute a photodiode is two or more, and when 

it takes the restrictions on a manufacture process into consideration, 2-4 are desirable. 

[001 5] (a) It is desirable for the number of pin type photodiodes to have the following layer structures in 

two photodiodes. 

[0016] This photodiode on the aforementioned semiconductor substrate The 1st contact layer of the 1st 
conductivity type, The laminating of the 1st optical-absorption layer, the 2nd contact layer of the 2nd 
conductivity type, the 2nd optical-absorption layer, and the 3rd contact layer of the 1 st conductivity type 
is carried out to this order, the pin type photodiode of the above 1st It consists of a contact layer of the 
above 1st, an optical-absorption layer of the above 1st, and a contact layer of the above 2nd. the pin type 
photodiode of the above 2nd It consists of a contact layer of the above 2nd, an optical-absorption layer 
of the above 2nd, and a contact layer of the above 3rd. the time of setting wavelength equivalent to the 
energy of the bandwidth of the optical-absorption layer of the above 1st, the contact layer of the above 
1st, the optical-absorption layer of the above 2nd, and the contact layer of the above 2nd to lambdaga, 
lambdagb, lambdagc, and lambdagd, respectively - lambda gd<lambda gc<lambda ga and lambda 
gb<=lambda gc — it comes out 

[0017] (b) It is desirable for the number of pin type photodiodes to have the following layer structures in 
four photodiodes. 

[0018] The 1 aforementioned set of photodiodes are prepared in the both sides of an insulating layer, 
respectively, and, as for this photodiode, four pin type photodiodes are contained. And 2 sets of 
photodiodes are electrically separated by the aforementioned insulating layer. 
[0019] As for this photodiode, it is desirable to have the following layer structures further. - 
[0020] A photodiode on the semiconductor substrate of high resistance The 1st contact layer of the 1st 
conductivity type, The 1 st optical-absorption layer, the 2nd contact layer of the 2nd conductivity type, 
and the 2nd optical-absorption layer, The 3rd contact layer of the 1st conductivity type, an insulating 
layer, and the 4th contact layer of the 1 st conductivity type, The laminating of the 3rd optical-absorption 
layer, the 5th contact layer of the 2nd conductivity type, the 4th optical-absorption layer, and the 6th 
contact layer of the 1st conductivity type is carried out to this order, the 1st pin type photodiode It 
consists of a contact layer of the above 1st, an optical-absorption layer of the above 1st, and a contact 
layer of the above 2nd. the 2nd pin type photodiode It consists of a contact layer of the above 2nd, an 
optical-absorption layer of the above 2nd, and a contact layer of the above 3rd. the 3rd pin type 
photodiode It consists of a contact layer of the above 4th, an optical-absorption layer of the above 3rd, 
and a contact layer of the above 5th. the 4th pin type photodiode It consists of a contact layer of the 
above 5th, an optical-absorption layer of the above 4th, and a contact layer of the above 6th. The optical- 
absorption layer of the above 1st, the contact layer of the above 2nd, the optical-absorption layer of the 
above 2nd, The contact layer of the above 3rd, the aforementioned insulating layer, the contact layer of 
the above 4th, the optical-absorption layer of the above 3rd, The wavelength equivalent to the energy of 
the bandwidth of the contact layer of the above 5th, the optical-absorption layer of the above 4th, and the 
contact layer of the above 6th the time of being referred to as lambdaga, lambdagb, lambdagc, 
lambdagd, lambdage, lambdagf, lambdagg, lambdagh, lambdagi, and lambdagj, respectively - lambda 
gj<lambda gi<lambda gg<lambda gc<lambda ga, lambda gb<=lambda gc, lambda gd<=lambda 
ge<=lambda gf<=lambda gg, and lambda gh<=lambda gi — it comes out 

[0021] (c) The number of pin type photodiodes can consider as the structure where it does not have the 
1st or 4th pin type photodiode among four pin type photodiodes mentioned above in three photodiodes. 
[0022] Moreover, the photodiode concerning this invention can also take the structure where between 
each' pin type photodiode is electrically separated by the insulating layer, respectively. According to this 
photodiode, each pin type photodiode is individually controllable. 

[0023] The optical transmission system concerning this invention the light of the wavelength from 
which plurality differs including a monolithic carrier light emitting device according to claim 1 to 7 
Outgoing radiation and the 1st detectable carrier light emitting device, A monolithic carrier light 
emitting device according to claim 1 to 7 is included with an optical waveguide. Outgoing radiation and 
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the 2nd detectable carrier light emitting device are contained in the light of the wavelength from which 
outgoing radiation and detectable plurality differ by the carrier light emitting device of the above 1st at 
least, optical connection of the carrier light emitting device of the above 1st and the 2nd carrier light 
emitting device is directly made by the optical waveguide, and it is suitable for bidirectional wavelength 
division multiplex optical communication. 

[0024] According to this optical transmission system, it is the simple composition which consists of 
three persons of two carrier light emitting devices containing the monolithic carrier light emitting device 
concerning this invention, and an optical waveguide, for example, an optical fiber, and it is got blocked 
and a bidirectional wavelength division multiplex optical transmission system can consist of 
composition which does not need optics, such as a lens, a multiplexing machine, and a splitter. 
[0025] And the outgoing radiation mouth of the aforementioned surface emission-type laser which 
constitutes the above 1st and the 2nd carrier light emitting device and the light-receiving side of the 
aforementioned photodiode, and the optical-transmission section of the aforementioned optical 
waveguide do not need optics, such as a splitter, like the conventional optical transmission system by 
coupling directly optically, respectively. Consequently, composition is simple, and optical adjustment is 
easy and can constitute the optical transmission system in which low cost bidirectional wavelength 
division multiplex transmission is possible. 

[0026] The aforementioned carrier light emitting device can arrange two or more monolithic carrier light 
emitting devices according to claim 1 to 7, and can constitute them. Moreover, the aforementioned 
carrier light emitting device can be constituted combining the light emitting device which contains a 
surface emission- type laser with a monolithic carrier light emitting device according to claim 1 to 7. 
[0027] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained using a 
drawing. 

[0028] (Gestalt 1 of operation) 

(Device structure) Drawin g 1 is drawing showing typically the cross section of the monolithic carrier 
light emitting device 200 concerning the gestalt of 1 operation of this invention. 

[0029] The monolithic carrier light emitting device 200 has photodiode formation field 200FD by which 
photodiode 200B is formed on the same semiconductor substrate 201, and surface emission-type laser 
formation field 200SL by which the perpendicular resonator type surface emission-type laser VCSEL1 
is formed. And photodiode formation field 200FD and surface emission-type laser formation field 
200SL are electrically separated by the separation slot 230 formed in the aforementioned semiconductor 
substrate 201. 

[0030] (Photodiode) Photodiode 200B formed in photodiode formation field 200FD n type contact layer 
202B which consists of n mold AlxGal-xAs on the semiconductor substrate 201 of high resistance 
which consists of GaAs, 1st optical-absorption layer 203B which consists of i mold AlaGal-aAs, p type 
contact layer 204B which consists of p mold AlbGal-bAs, The laminating of 2nd optical-absorption 
layer 205B and n type contact layer 206B of n mold AldGal-dAs which consist of i mold AlCGal^CAs 
is carried out one by one. And the pillar-shaped section which consists of the 2nd optical-absorption 
layer 205B and n type contact layer 206B has a path smaller than the path of the pillar-shaped section 
which consists of the 1st low-ranking optical-absorption layer 203B and p type contact layer 204B from 
it, and Step S2 is formed in the front face of p type contact layer 204B. Moreover, the same step SI is 
formed also in the front face of n type contact layer 202B. 

[0031] Moreover, dielectric-film 214B which consists of a silicon oxide, a silicon nitride, etc. is formed 
in the circumference of the deposition object which consists of two or more semiconductor layers 
formed on the semiconductor substrate 201. The soffit of this dielectric-film 214B is formed so that the 
semiconductor substrate 201 may be reached. Moreover, in light sensing portion 220B of the upper 
surface of n type contact layer 206B, since dielectric-film 214B constitutes plane of incidence, it is 
optically transparent at least. 

[0032] Furthermore, n type ohmic electrode 216B (El) is formed in the upper surface of n type contact 
layer 206B so that light sensing portion 220B may be surrounded, and p type ohmic electrode 217B (E2) 
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is formed in Step S2 of the upper surface of p type contact layer 204B. n type ohmic electrode 218B 
(E3) is formed in Step SI of the upper surface of n type contact layer 202B. 

[0033] The 1st pin mold photodiode 200B-1 is constituted by n type contact layer 202B, 1st optical- 
absorption layer 203B, and p type contact layer 204B. The 2nd pin mold photodiode 200B-2 is 
constituted by p type contact layer 204B, 2nd optical-absorption layer 205B, and n type contact layer 
206B. 

[0034] Here, there is a relation to the composition rate of aluminum of each class of 1st optical- 
absorption layer 203B, p type contact layer 204B, 2nd optical-absorption layer 205B, and n type contact 
layer 206B called 0 <=a<c<d and c<=b. That is, if wavelength equivalent to the energy of the bandwidth 
of each class of 1st optical-absorption layer 203B, p type contact layer 204B, 2nd optical-absorption 
layer 205B, and n type contact layer 206B is set to lambdaga, lambdagb, lambdagc, and lambdagd, 
respectively, it will become a relation called lambda gd<Iambda gc<lannbda ga and lambda gb<=lambda 

[0035] Therefore, the light of the wavelength shorter than wavelength lambdagc among the light which 
carries out incidence from light sensing portion 220B is mostly absorbed by 2nd optical-absorption layer 
205B. Rather than wavelength lambdagc, it is long wavelength, and the light of short wavelength 
penetrates 2nd optical-absorption layer 205B rather than lambdaga, and it is absorbed by 1st optical- 
absorption layer 203B. 

[0036] Moreover, decline in the quantum efficiency by surface recombination is prevented by 
considering as lambda gd<lambda gc and giving the function as a window layer to n type contact layer 
206B. Furthermore, because the light which penetrated 2nd optical-absorption layer 205B penetrated 
without being absorbed by p type contact layer 204B and was efficiently absorbed by 1st optical- 
absorption layer 203B, it considered as lambda gb<=lambda gc. 

[0037] The equal circuit of photodiode 200B is shown in drawingj) .. As for photodiode 200B, common 
connection of the 1st photodiode 200B-1 and the 2nd photodiode 200B-2 is made with p type ohmic 
electrode 217B (E2) with the anode. In drawing_5 , signs E l and E3 show n type ohmic electrode 216B 
and n type ohmic electrode 21 8B. 

[0038] According to photodiode 200B, the light of two different wavelength lambdal and lambda2 is 
changed into current by two photodiode 200B-1 and 200B-2, respectively, and is outputted as an 
electrical signal. And what is necessary is just to choose the wavelength of the light source so that it may 
be set to lambda gc<lambda 1 <=lambdaga and lambda gd<lambda 2 <=lambdagc when performing 
wavelength division multiplex optical communication with the light of wavelength lambda 1 and 
wavelength lambda 2 (lambda2<lambdal). 

[0039] With the gestalt of this operation, in composition of a semiconductor layer, when referred to as 
a^ 0, b=c=0.07, and d= 0.15, it was checked that they are lambdaga* *870nm, lambda gb=lambda 
gc**820nm, and lambdagd**770nm. Therefore, the light of such two wavelength is detectable with 
single photodiode 200B by setting up the wavelength of the two light sources which perform wavelength 
division multiplying with lambdal =860nm and lambda2=810nm so that the above-mentioned formula 
may be filled. 

[0040] (Surface emission-type laser) Surface emission-type laser formation field 200SL The deposition 
object of the semiconductor layer which constitutes photodiode 2 00B mentioned above on the 
semiconductor substrate 201 of high resistance which consists of GaAs, Namely, n type contact layer 
202B, 1st optical-absorption layer 203B, p type contact layer 204B, The laminating of n type contact 
layer 202A which consists of the same semiconductor layer as 2nd optical-absorption layer 205B and n 
type contact layer 206B, 1st optical^absorption layer 203 A, p type contact layer 204 A, 2nd optical- 
absorption layer 205A, and the n type contact layer 206A is carried out one by one. 
[0041] Furthermore, the perpendicular resonator type surface emission-type laser VCSEL1 is formed 
above n type contact layer 206A. A surface emission-type laser VCSEL1 can carry out outgoing 
radiation of the laser beam of wavelength lambda 2 (=810nm), for example, has the following layer 
structures. 

[0042] n type contact layer 206 A which a surface emission-type laser VCSEL1 becomes from n mold 
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aluminumO. 1 5Ga0.85 As, 30 pair laminating of n mold aluminumO. 1 5Ga0.85 As and the n mold 
aluminumO.85GaO.15As is carried out by turns. It consists of n type distribution reflection type 
multilayer mirror (DBR mirror) 207 which has 99.5% or more of reflection factor to the light of the 
wavelength of the wavelength lambda2 neighborhood, n type clad layer 208 which consists of n mold 
aluminumO. 5Ga0.5As, an aluminum0.3Ga0.7As barrier layer, and a GaAs quantum well layer. 20 pair 
laminating of the barrier layer 209 of the multiplex quantum well structure where a quantum well layer 
consists of five layers, p type clad layer 210 which it becomes from p mold aIuminum0.5Ga0.5As, the p 
type AlAs layer 211, p mold aluminumO. 15Ga0. 85 As, and the p mold aluminumO.85GaO.15As is carried 
out by turns. It consists of a p type DBR mirror 212 which has 98.5 - 99% of reflection factor to the light 
of the wavelength of the wavelength lambda2 neighborhood, and a deposition object with which p type 
contact layer 213** which consists of p mold aluminumO. 1 5 GaO. 8 5 As was formed of epitaxial growth 
one by one. The current narrow segment 219 (portion shown in the slash section in drawing) for raising 
the inrush current density near an emission center is formed in the p type AlAs layer 211 of selective 
oxidation. 

[0043] The pillar-shaped section which consists of a part of p type clad layer 210, the p type AlAs layer 
211, a p. type DBR mirror 212, and a p type contact layer 213 has a path smaller than the path of the 
pillar-shaped section which consists of a part of the low-ranking n type DBR mirror 207, n type clad 
layer 208, barrier layer 209, and p type clad layer 210 from it, and the step is formed in p type clad layer 
210. 

[0044] Moreover, dielectric-film 214A which consists of a silicon oxide, a silicon nitride, etc. is formed 
in the circumference of the deposition object which consists of two or more semiconductor layers 
formed on the semiconductor substrate 201 . This dielectric-film 214A is continuously formed with 
dielectric-film 214of photodiode 200B mentioned above B. And the dielectric film is removed in the 
field of outgoing radiation mouth 220A of a surface emission-type laser VCSEL1 . 
[0045] Furthermore, p type ohmic electrode 215 is formed in the upper surface of p type contact layer 
213 so that outgoing radiation mouth 220A may be surrounded, n type ohmic electrode 216A is formed 
in step S4 of the upper surface of n type contact layer 206A. And p type ohmic electrode 217A is formed 
in Step S3 of the upper surface of p type contact layer 204 A. 

[0046] The 3rd pin mold photodiode 200 A- 2 which carries out the monitor of the outgoing radiation 
quantity of light of the perpendicular resonator type surface emission-type laser VCSEL1 is constituted 
by p type contact layer 204A, 2nd optical-absorption layer 205 A, and n type contact layer 206A. The 
3rd [ this ] pin mold photodiode 200A-2 can detect the outgoing radiation quantity of light of this 
surface emission-type laser VCSEL1 by the light which absorbs the light of the wavelength lambda 1 
shorter than wavelength lambdagc equivalent to the energy of the bandwidth of the optical-absorption 
layer 205 A, therefore began to leak from the DBR mirror 207 of a surface emission-type laser VCSEL1. 

[0047] In the monolithic carrier light emitting device 200, when the perpendicular resonator type surface 
emission-type laser VCSEL2 which carries out outgoing radiation of the laser beam of wavelength 
lambda 1 (= : 860nm) is formed instead of a surface emission- type laser VCSEL1, the monitor of the 
outgoing radiation quantity of light of a surface emission-type laser VCSEL2 can be carried out by the 
4th pin mold photodiode 200 A- 1 which consists of n type contact layer 202 A, the 1 st optical-absorption 
layer 203 A, and p type contact layer 204A. 

[0048] (Manufacturing process of a device) Next, an example of the manufacturing process of the 
monolithic carrier light emitting device 200 shown in drawingj. is explained using drawmg_2 - drawing 
4. 

[0049] (a) First, as shown in drawin g 2 , on the high resistance semiconductor substrate 201 which 
consists of GaAs n type - n type contact layer 202 which consists of aluminumO. 15Ga0. 85 As, the 1st 
optical-absorption layer 203 which consists of i type GaAs, and p type - p type contact layer 204 which 
consists of aluminumO. 07Ga0.93As, and i type - the 2nd optical-absorption layer 205 which consists of 
aluminumO.07GaO.93As — 30 pair laminating of n type contact layer 206 which consists of n mold 
aluminumO. 15Ga0. 85 As, n mold aluminumO. 15Ga0.85 As, and the n mold aluminum0.85Ga0.15As is 
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carried out by turns. The laminating of the quantum well layer which consists of the becoming n type 
DBR mirror 207, n type clad layer 208 which consists of n mold aluminumO.5GaO.5As, a barrier layer 
which consists of aluminumO.3GaO.7As, and GaAs is carried out. The barrier layer 209 of the multiplex 
quantum well structure where a quantum well layer consists of five layers, p type clad layer 210 which it 
becomes from p mold aluminum0.5Ga0.5As, the p type AlAs layer 21 1, p mold 
aluminumO.15GaO.85 As, and p mold aluminumO.85GaO.15As The p type DBR mirror 212 which 
carried out 20 pair laminating by turns, and p type contact layer 213 which consists of p mold 
aluminum0.15Ga0.85 As by the MOVPE (Metal Organic Vapor Phase Epitaxy) method It is made to 
grow epitaxially one by one. With the gestalt of this operation, although the MOVPE method was used 
for epitaxial growth, you may use the MBE (Molecular Beam Epitaxy) method or the LPE (Liguid 
Phase Epitaxy) method. 

[0050] (b) Next, as shown in drawing_3 , form the dielectric film 214 which consists of about 25nm 
Si02 on an epitaxial growth phase by the ordinary-pressure heat CVD (Chemical Vapor Deposition) 
method. This dielectric film 214 has protected the surface contamination in the inside of the process of 
an epitaxial growth phase. 

[0051] Next, the photoresist which is not illustrated to surface emission-type laser formation field 200SL 
is formed, and it etches by the reactant ion-beam-etching (RIBE) method until n type contact layer 206B 
is exposed in photodiode formation field 200FD. Furthermore, it sees from the upper surface of an 
epitaxial growth phase, ********** s in a circular configuration, and the pillar-shaped section 231 is 
formed until p type contact layer 204B is exposed by using as a mask the photoresist which has a 
predetermined pattern. Similarly, by using a photoresist as a mask, it ********** s until n type contact 
layer 202B is exposed, and the pillar-shaped section 232 is formed. With the gestalt of this operation, 
although [ the flat-surface configuration of these pillar-shaped sections 231 and 232 ] it is circular, it is 
not restricted to this. Moreover, reverse is sufficient as the turn which forms the pillar-shaped sections 
231 and 232. 

[0052] Next, the pillar-shaped sections 233,234,235 and 236 are formed by masking photodiode 
formation field 200FD by the photoresist, and repeating formation of a mask, and the process of etching 
in surface emission-type laser formation field 200SL further. Furthermore, the separation slot 230 for 
separating photodiode formation field 200FD and surface emission-type laser formation field 200SL is 
formed by etching. 

[0053] And the step for the path becoming small by taking and forming an electrode between the pillar- 
shaped sections for which each pillar-shaped section goes to a high order is formed. 
[0054] (c) Next, form further the dielectric film 214 which becomes the side of each pillar-shaped 
section from Si02 an epitaxial growth phase top by ordinary-pressure heat CVD after removing a 
photoresist and processing the etching cross section by the ammonium sulfide etc., as shown in drawing 
4 . Here, since the portion of the upper surface of the pillar-shaped section 23 1 is set to light sensing 
portion 220B, the thickness of the dielectric film 214 in light sensing portion 220B is set up so that it 
may increase about 1 of two waves of averages of the light which the optical thickness uses as the light 
source / 4 times so that a dielectric film 214 may serve both as a protective coat and an antireflection 
film in light sensing portion 220B. Moreover, in surface emission-type laser formation field 200SL, 
since the upper surface of p type contact layer 213 of the best layer constitutes an outgoing radiation 
mouth, the dielectric film for this outgoing radiation regio oralis is removed by etching. 
[0055] (d) Next, as shown in drawin g 1 , the ring-like contact hole surrounding light sensing portion 
220B is opened in dielectric-film 214B on n type contact layer 206B, form n type ohmic electrode 216B, 
open a ring-like contact hole in dielectric-film 214A on n type contact layer 206A simultaneously, and 
form n type ohmic electrode 216A. Furthermore, p type ohmic electrodes 217A and 217B are similarly 
formed in the upper surface of Steps S3 and S2 of p type contact layers 204A and 204B. Furthermore, n 
type ohmic electrode 21 8B is formed on Step SI which n type contact layer 202B exposes. And p type 
ohmic electrode 215 is formed so that outgoing radiation mouth 220A may be surrounded. 
[0056] With the gestalt of this operation, p type contact layer 204B (p type contact layer 204A) is used 
as the common contact layer of the 1st and 2nd pin type photodiodes (the 3rd and 4th pin type 
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photodiode). However, when each pin type photodiode wants to operate independently, the insulating 
layer which consists of aluminumO.07GaO.93 As of for example, high resistance may be inserted in the 
middle of this contact layer, and p type contact electrode may be formed in p type contact layer of the 
upper and lower sides of this insulating layer, respectively. 

[0057] (Operation of a device) As explained above, the monolithic carrier light emitting device 200 of 
the gestalt of this operation has a surface emission-type laser VCSEL1 (or VCSEL2) and photodiode 
200B. And photodiode 200B has the 1st, the 2nd photodiode 200B-1, and 200B-2, and can detect the 
light of different wavelength with a single element, moreover, the 1st and 2nd pin types mentioned 
above in the lower part of a surface emission-type laser VCSEL1 (or VCSEL2) - the 3rd and 4th same 
pin types as photodiode 200B-1 and 200B-2 - the outgoing radiation quantity of light of the surface 
emission-type lasers VCSEL1 or VCSEL2 since it has photodiode 200A-2 and 200A-1 - the 3rd or 4th 
pin type - a monitor can be carried out by photodiode 200A-2 or 200A-1, respectively 
[0058] According to the monolithic carrier light emitting device 200 concerning the gestalt of this 
operation, in order to use a perpendicular resonator type surface emission-type laser as the light source, 
it is easy to make each element (a surface emission-type laser and photodiode) approach, and to arrange 
two-dimensional. Furthermore, to a semiconductor substrate, since it is perpendicular, a perpendicular 
resonator type surface emission-type laser has monolithic-izing easy for the direction of outgoing 
radiation of a laser beam with a photodiode. Furthermore, with the gestalt of this operation, the monitor 
of the quantity of light of a laser beam can be carried out by the photodiode which is directly under a 
surface emission-type laser by having the structure which piled up the perpendicular resonator type 
surface emission-type laser on the photodiode. Consequently, APC (Auto Power Control) of a 
perpendicular resonator type surface emission-type laser is possible by very easy composition. 
[0059] (Form 2 of operation) 

(a device - structure) drawing^ - this invention - one - operation - a form - starting - a monolithic - 

- a carrier - a light emitting device - 400 - a flat surface - typical - being shown - drawing - it is - 
drawing^ - drawing 6 - being shown - a monolithic - a carrier - a light emitting device - 400 B-B 

- ' ~ a line - having met - a cross section - typical - being shown - drawing - drawin g 8 - drawing 
6 - being shown - a monolithic - a carrier - a light emitting device - 400 - 

[0060] The monolithic carrier light emitting device 400 has photodiode formation field 400FD which 
can detect the light of four different wavelength, and surface emission-type laser formation field 400SL. 
[0061] (Photodiode) Photodiode 400B formed in photodiode formation field 400FD As shown in 
drawingJZ , on the high resistance semiconductor substrate 401 which consists of GaAs p type contact 
layer 402B (pi) which consists of p type GaAs, 1st optical-absorption layer 403B (il) which consists of 
i mold AlaGal-aAs, n type contact layer 404B which consists of n mold AlbGal-bAs (nl), Optical- 
absorption layer 405of ** 2nd which consists of i mold AlcGal-cAs B (i2), p type contact layer 406B 
which consists of p mold AldGal-dAs (p2), half— insulating-layer 407B (SI) which consists of 
insulating AleGal-eAs, and p type - p type contact layer 408B (p3) which consists of AlfGal-fAs - 3rd 
optical-absorption layer 409B (i3) which consists of i mold AlgGal-gAs, n type - n type contact layer 
41 0B (n2) which consists of AlhGal-hAs, and i type - 4th optical-absorption layer 41 IB (i4) which 
consists of AliGal-iAs, and p type - the laminating of the p type contact layer 412B (p4) which consists 
of AljGal-jAs is carried out one by one And the step is formed, respectively so that a part of each 
contact layers 402B, 404B, 406B, 408B, and 410B may be exposed. In drawin g 7 , Step S formed in the 
upper surface of contact layer 406B is shown. 

[0062] Moreover, the dielectric film 413 which consists of a silicon oxide, a silicon nitride, etc. is 
formed in the circumference of the deposition object which consists of two or more semiconductor 
layers formed on the semiconductor substrate 401. The soffit of this dielectric film 413 is formed so that 
the semiconductor substrate 401 may be reached. Moreover, in light sensing portion 420B of the upper 
surface of p type contact layer 412B, since a dielectric film 413 constitutes plane of incidence, it is 
optically transparent at least. 

[0063] Furthermore, insulating pad layer 414B is formed in the circumference of the deposition object 
which consists of two or more semiconductor layers formed on the semiconductor substrate 401 through 
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the dielectric film 413. A silicon oxide, a silicon nitride, a silicon carbonization film, etc. can be used for 
this pad layer 414B other than heat resistant resins, such as a polyimide. 

[0064] Furthermore, as shown in drawing^) , ohmic electrode 4 15Ba-415Bf connected to each contact 
layers 402B, 404B, 406B, 408B, 410B, and 412B is formed in the upper surface of the dielectric film 
413 to expose and pad layer 414B by the predetermined pattern, each ohmic electrode 415 - Ba, 415Bb, 
415Bc, 415Be, and 415Bf(s) are electrically connected with each contact layers 402B, 404B, 406B, 
408B, and 41 OB exposed in a step through the conductive layer in the contact hole formed in pad layer 
414B (only 416 Be is illustrated), as shown in drawi ng 7 Moreover, ohmic electrode 415Bd is 
electrically connected with contact layer 412B through conductive-layer 416Bd in the contact hole 
formed in the dielectric film 413. 

[0065] The 1st pin mold photodiode 400B-1 is constituted by p type contact layer 402B, 1st optical- 
absorption layer 403B, and n .type contact layer 404B.The 2nd pin mold photodiode 400B-2 is 
constituted by n type contact layer 404B, 2nd optical-absorption layer 405B, and p type contact layer 
406B. The 3rd pin mold photodiode 400B-3 is constituted by p type contact layer 408B, 3rd optical- 
absorption layer 409B, and n type contact layer 41 OB. And the 4th pin mold photodiode 400B-4 is 
constituted by n type contact layer 41 OB, 4th optical-absorption layer 41 IB, and p type contact layer 
412B. 

[0066] Here p type contact layer 402B, 1st optical-absorption layer 403B, n type contact layer 404B, 
2nd optical-absorption layer 405B, p type contact layer 406B, insulating-layer 407B, There is a relation 
to the composition rate of aluminum of each class of p type contact layer 408B, 3rd optical-absorption 
layer 409B, n type contact layer 41 0B, 4th optical-absorption layer 41 IB, and p type contact layer 412B 
called a<c<g<i<j, c<=b, g<=f<=e<=d, and i<-h. 

[0067] That is, if wavelength equivalent to the energy of the bandwidth of each semiconductor layers 
403B-412B is made into lambda ga-lambda gj, respectively as shown in drawing J7 , a relation called 
lambda gj<lambda gi<lambda gg<lambda gc<lam£>da ga, lambda gb<=lambda gc, lambda gd<=lambda 
ge<^lambda gf<=lambda gg, and lambda gh<=lambda gi will be materialized. 
[0068] The transparency principle of light is the same as that of the form 1 of operation mentioned 
above. The light of the wavelength specifically shorter than wavelength lambdagi among the light which 
carries out incidence from light sensing portion 420B is mostly absorbed by 4th optical-absorption layer 
41 IB. Rather than wavelength lambdagi, it is long wavelength, and the light of short wavelength 
penetrates 4th optical- absorption layer 41 IB rather than lambdagg, and it is absorbed by 3rd optical- 
absorption layer 409B. furthermore, wavelength lambdagg — a long wave — merit — and the light of 
wavelength shorter than wavelength lambdagc penetrates 4th optical-absorption layer 41 IB and 3rd 
optical-absorption layer 409B, and is mostly absorbed by 2nd optical-absorption layer 405B wavelength 
lambdagc - a long wave — merit - and the light of wavelength shorter than lambdaga penetrates 4th 
optical-absorption layer 41 IB, 3rd optical-absorption layer 409B, and 2nd optical-absorption layer 
405B, and is absorbed by 1st optical-absorption layer 403B 

[0069] Moreover, decline in the quantum efficiency by surface recombination is prevented by 
considering as lambda gj<lambda gi and giving the function as a window layer to p type contact layer 
412B. Furthermore, because the light which penetrated 4th optical^absorption layer 41 IB penetrated 
without being absorbed by n type contact layer 41 0B and was efficiently absorbed by 3rd optical- 
absorption layer 409B, it considered as lambda gh<=lambda gi. It depends on the same reason [ having 
also considered as lambda gd<=lambda ge<=lambda gf<=lambda gg and lambda gb<-lambda gc ]. 
[0070] Common connection of the 1st photodiode 400B-1 and the 2nd photodiode 400B-2 is made with 
a cathode at n type ohmic electrode, and, as for photodiode 400B concerning the form of this operation, 
common connection of the 3rd photodiode 400B-3 and the 4th photodiode 400B-4 is made with the 
cathode at n type ohmic electrode, and 2 sets of photodiodes of the upper and lower sides separated by 
insulating-layer 407B in photodiode 400B, i.e., a pin type, - the combination of photodiode 400B-1 and 
400B-2, and a pin type - in the combination of photodiode 400B-3 and 400B-4, since the sequence of 
the pin structure of each combination is the same, it has the advantage which can impress the same polar 
reverse bias to all pin type photodiodes 
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[0071] Thus, according to photodiode 400B, optical-current conversion of the light of different 4 
wavelength can be carried out, respectively by four pin mold photodiode 400B-1-400B-4 formed in the 
same substrate. And what is necessary is just to choose the wavelength of the light source so that it may 
be set to lambda gj<lambda 4 <=lambdagi, lambda gi<lambda 3 <=lambdagg, lambda gg<lambda 2 
<=lambdagc, and lambda gc<lambda 1 <=lambdaga when performing wavelength division multiplex 
optical communication with the light of wavelength lambdal, lambda2, lambda3, and lambda4 
(Iambda4<lambda3<lambda2<lambdal). 

[0072] With the gestalt of this operation, in composition of a semiconductor layer, when referred to as 
a- 0, b=c=0.042, d=e=f=g=0.G85, h-i=0.133, and j= 0.184, it checked that it was lambdaga**870 . 
nmlambdagb=lambda gc**840 nmlambdagd=lambda ge=lambda gf=lambda gg**810 
nmlambdagh^lambda gi**780nmlambdagj**750nm. Therefore, four waves of such light is detectable 
with single photodiode 400B by setting up the wavelength lambdal -lambda4 of 4 light sources which 
perform wavelength division multiplying with lambdal=870nm, lambda2-840nm, lambda3=810nm, 
and lambda4=780nm so that the above-mentioned formula may be filled. 

[0073] (Surface emission-type laser) As shown in surface emission-type laser formation field 400SL at 
drawing 8 , surface emission-type laser VCSEL is formed on the deposition object of the semiconductor 
layer formed at the same membrane formation process as the semiconductor layers 402B-412B of 
photodiode formation field 400FD mentioned above. 

[0074] namely, by surface emission-type laser formation field 400SL On the high resistance 
semiconductor substrate 401, p type contact layer 402A, 1st optical-absorption layer 403 A, n type 
contact layer 404A, 2nd optical-absorption layer 405 A, p type contact layer 406A, insulating-layer 
407 A, p type contact layer 408 A, 3rd optical-absorption layer 409 A, n type contact layer 41 OA, 4th 
optical-absorption layer 41 1 A, and p type contact layer 41 2 A are formed. In drawing 8 , illustration of 
the semiconductor layers 403 A-407A is omitted. 

[0075] Furthermore, perpendicular resonator type surface emission-type laser VCSEL is formed above p 
type contact layer 41 2 A. Surface emission-type laser VCSEL can carry out outgoing radiation of the 
laser beam of wavelength lambda 4 (=780nm), for example, has the following layer structures. 
[0076] p type contact layer 41 2 A which surface emission-type laser VCSEL becomes from p mold 
aluminum0.15Ga0.85As, 30 pair laminating of p mold aluminum0.15Ga0.85As and the p mold 
aluminum0.85Ga0.15As is carried out by turns. It consists of p type distribution reflection type 
multilayer mirror (DBR mirror) 407 which has 99.5% or more of reflection factor to the light of the 
wavelength of the wavelength lambda4 neighborhood, p type clad layer 408 which consists of p mold 
aluminum0.5Ga0.5As, an aluminumO.3GaO.7As barrier layer, and a GaAs quantum well layer. 20 pair 
laminating of the barrier layer 409 of the multiplex quantum well structure where a quantum well layer 
consists of five layers, n type clad layer 410 which it becomes from n mold aluminumO.5GaO.5As, the n 
type AlAs layer 411, n mold aluminumO.15GaO.85As, and the n mold aluminumO.85GaO.15As is carried 
out by turns. The n type DBR mirror 412 which has 98.5 - 99% of reflection factor to the light of the 
wavelength of the wavelength lambda4 neighborhood, and n type contact layer 413** which consists of 
n mold aluminum0.15Ga0.85As are formed of epitaxial growth one by one. Moreover, the current 
narrow segment 419 for raising the inrush current density near an emission center is formed in the n type 
AlAs layer 41 1 of selective oxidation. And the step is formed, respectively so that a part of n type 
contact layer 410A and p type contact layer 412A may be exposed. 

[0077] Moreover, the dielectric film 413 is formed in the circumference of the deposition object which 
consists of two or more semiconductor layers formed on the semiconductor substrate 401. This dielectric 
film 413 is removed in the portion of outgoing radiation mouth 420A of surface emission-type laser 
VCSEL. Furthermore, insulating embedding layer 414A is formed in the circumference of the 
deposition object which consists of two or more semiconductor layers through the dielectric film 413. 
The same matter as embedding layer 414B formed by photodiode formation field 400FD can be used for 
this embedding layer 4 1 4 A. 

[0078] Furthermore, ohmic electrode 415Aa is formed in the circumference of outgoing radiation mouth 
420A of surface emission-type laser VCSEL. Moreover, as shown in drawing 6 , ohmic electrode 415Ab 
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connected to n type contact layer 41 OA and p type contact layer 412A and 415Ac(s) are formed in the 
upper surface of embedding layer 414A by the predetermined pattern, each ohmic electrode 415 — Ab 
and 415Ac(s) are electrically connected with the contact layers 41 OA and 412A exposed in a step 
through conductive-layer 416Ab in the contact hole formed in embedding layer 41 4A, and 416Ac(s), as 
shown in drawing 8 

[0079] In this surface emission-type laser formation field 400SL, pin mold photodiode 400 A-4 which 
, consist of n type contact layer 41 OA, the 4th optical-absorption layer 41 1 A, and p type contact layer 
41 2A are formed in the bottom of surface emission-type laser VCSEL, and the monitor of the outgoing 
radiation quantity of light of surface emission-type laser VCSEL can be carried out by these pin mold 
photodiode 400 A-4. 

[0080] (Manufacturing process of a device) Next, an example of the manufacturing process of the 
monolithic carrier light emitting device 400 shown in (frawmg_6 - drawing^ is explained. 
[0081] (a) Have first the composition shown on the high resistance semiconductor substrate 401 at 
drawing 7 . p type contact layer 402B, 1st optical-absorption layer 403B, n type contact layer 404B, 2nd 
optical-absorption layer 405B, p type contact layer 406B, insulating-layer 407B, p type contact layer 
408B, 3rd optical-absorption layer 409B, n type contact layer 410B, 4th optical-absorption layer 41 IB, 
and p type contact layer 412B are grown epitaxially one by one. Simultaneously with formation of each 
above-mentioned semiconductor layers 402B-412B of photodiode formation field 400FD, at this 
membrane formation process, each semiconductor layers 402A-412A of surface emission-type laser 
formation field 400SL are formed. At this membrane formation process, the same epitaxial grown 
method as the form 1 of operation can be used. 

[0082] (b) Next, form the dielectric film which consists of an about 25nm silicon oxide on an epitaxial 
growth phase by ordinary-pressure heat CVD like the form 1 of operation. This dielectric film has 
protected the surface contamination in the inside of the process of an epitaxial growth phase. 
[0083] Next, the pillar-shaped section is formed by masking photodiode formation field 400FD by the 
photoresist, and repeating formation of a mask, and the process of etching in surface emission-type laser 
formation field 400SL further. 

[0084] Next, surface emission-type laser formation field 400SL is masked. And in the photodiode 
formation field FD, it ********** s [ n a part of epitaxial growth phase, and a step is formed until p type 
contact layer 402B is exposed by using a photoresist as a mask. Similarly an epitaxial growth phase is 
********** e( j ^ us ing a photoresist as a mask, and a step is formed in the upper surface of each 
contact layers 402B, 404B, 406B, 408B, and 41 0B. It contact layer 406B Accepts and illustrates in 
dmwingJ7 . Especially the flat-surface configuration of these steps is not limited, but just secures the 
contact field of ohmic electrode 415Ba-415Bc, 415Be and 415Bf(s), and the contact layers 402B, 404B, 
406B,408B,and410B. 

[0085] Furthermore, the separation slot for separating photodiode formation field 400FD and surface 
emission-type laser formation field 400SL is formed by etching. Moreover, especially the sequence that 
forms these steps and a separation slot is not limited. 

[0086] (c) Next, form the dielectric film 413 which becomes an etching cross section from a silicon 
oxide an epitaxial growth phase top by ordinary-pressure heat CVD after removing a photoresist and 
processing the etching cross section by the ammonium sulfide etc. like the form 1 of operation. And the 
dielectric film 413 in light sensing portion 420B sets up the thickness so that it may increase about 1 of 
four waves of averages of the light which optical thickness uses as the light source / 4 times so that it 
may serve both as a protective coat and an antireflection film. 

[0087] (d) Next, form insulating layers, such as a possible heat resistant resin of photolithographies, 
such as a polyimide, or a silicon oxide, and a silicon nitride, in the circumference of an epitaxial growth 
phase through a dielectric film 413, and form pad layer 414B in it. In the case of a heat resistant resin, 
although especially the formation method of pad layer 414B is not limited, it can form by the method of 
a spin coat etc., and when it is a silicon oxide, it can form by the spin-on glass method. 
[0088] (e) Next, as shown in drawin g 6 and drawin g 7 , in photodiode formation field 400FD, embed 
according to the process containing the photolithography generally used in the contact hole for 
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connecting an ohmic electrode and a contact layer, and form in layer 414B. Moreover, a contact hole is 
formed also in a part for the outcrop of a dielectric film 413. Subsequently, ohmic electrode 41513a- 
41 5Bf electrically connected with each contact layers 402B, 404B, 406B, 408B, 41 OB, and 412B is 
formed by forming and carrying out patterning of the back electrode layer which embedded the 
conductive layer in each contact hole. 

[0089] Moreover, as shown in drawing 6 and drawing^ , by surface emission-type laser formation field 
400SL, it embeds according to the process containing the photolithography generally used in the contact 
hole for connecting an ohmic electrode and a contact layer, and forms in layer 414A. Subsequently, 
ohmic electrode 415Ab electrically connected with each contact layers 41 OA and 412A and 415Ac(s) 
are formed by forming and carrying out patterning of the back electrode layer which embedded the 
conductive layer in each contact hole. Furthermore, ohmic electrode 415Aa is formed in the 
circumference of outgoing radiation mouth 420A. 

[0090] With the form of this operation, n type contact layer 404B is used in photodiode formation field 
400FD as a common contact layer of the 1st and 2nd pin type photodiodes. Moreover, n type contact 
layer 41 0B is used as a common contact layer of the 3rd and 4th pin type photodiodes. however, the 
time of four pin type photodiodes wanting to operate independently -- for example, the middle of n type 
contact layer 404 — half-^- the middle of the insulating layer which consists of insulating 
aluminum0.042Ga0.958As, and n type contact layer 410 - half-- the insulating layer which consists of 
insulating aluminum0.133Ga0. 867 As may be inserted, respectively, and n type contact electrode may be 
formed in n type contact layer of the upper and lower sides of these insulating layers, respectively The 
same is said of the pin type photodiode formed in surface emission-type laser formation field 400SL. 
[0091] (Operation of a device) Fundamental operation of the monolithic carrier light emitting device 400 
concerning the form of this operation is the same as that of the form 1 of operation. 
[0092] That is, the monolithic carrier light emitting device 400 of the form of this operation has surface 
emission-type laser VCSEL and photodiode 400B. And photodiode 400B has the 1st, the 2nd, the 3rd, 
the 4th pin mold photodiode 400B-l,400B-2,400B-3, and 400B-4, and can detect the light of four 
different wavelength with a single element, moreover, the 1st, the 2nd, the 3rd, and 4th pin types 
mentioned above in the lower part of surface emission-type laser VCSEL - the four same pin types as 
photodiode 400B-1-400B-4 ~ the outgoing radiation quantity of light of surface emission-type laser 
VCSEL since it has photodiode 400A-1-400A-4 - a pin type - a monitor can be carried out by either of 
photodiode 400A-1-400A-4 For example, when the oscillation wavelength of surface emission-type 
laser VCSEL is lambda 4, the 4th pin mold photodiode 400A-4 can detect the outgoing radiation 
quantity of light. 

[0093] According to the monolithic carrier light emitting device 400 concerning the form of this 
operation, in order to use a perpendicular resonator type surface emission-type laser as the light source, 
it is easy to make each element approach and to arrange two-dimensional. Furthermore, to a 
semiconductor substrate, since it is perpendicular, a perpendicular resonator type surface emission-type 
laser has monolithic-izing easy for the direction of outgoing radiation of a laser beam with a photodiode. 
Furthermore, with the form of this operation, the monitor of the quantity of light of a laser beam can be 
carried out by the photodiode which is directly under a surface emission-type laser by having the 
structure which piled up the perpendicular resonator type surface emission-type laser on the photodiode. 
Consequently, APC (Auto Power Control) of a perpendicular resonator type surface emission-type laser 
is possible by very easy composition. 

[0094] (Other device structures) Although the form of operation mentioned above described the 
monolithic carrier light emitting device containing the photodiode which carried out the laminating of 
two and the four pin type photodiodes, the laminating not only of these but three or the five pin type 
photodiodes or more can also be carried out. 

[0095] For example, in the photodiode which has three pin type photodiodes, it is the monolithic carrier 
light emitting device 400 concerning the form 2 of operation shown in draw ing 6 - drawin g 8 , and the 
structure where it does not have the 1st pin mold photodiode 400B-1 or 4th pin mold photodiode 400B-4 
etc. can be adopted. : 
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[0096] Moreover, since each pin type photodiode is driven independently, it is good also as composition 
which inserts an insulating layer between each pin type photodiode. 

[0097] In the photodiode of the monolithic carrier light emitting device concerning this invention, in the 
form of operation mentioned above, p type and n type in each class can be replaced, and the photodiode 
which made polarity reverse can also be constituted. Moreover, with the form of operation mentioned 
above, although the photodiode of an AlGaAs system was described, it is applicable also about the 
photodiode which consists of semiconductors, such as the other-materials system, for example, a GalnP 
system, a ZnSSe system, and an InGaN system. 
[0098] (Gestalt 3 of operation) 

(Optical transmission system) An example of the optical transmission system in which the bidirectional 
wavelength division multiplex optical communication using the monolithic carrier light emitting device 
which starts this invention at drawing 9 is possible is shown. This optical transmission system has the 
carrier light emitting devices 10 and 30 and the optical fiber 20 prepared among these carrier light 
emitting devices 10 and 30. 

[0099] An example of the carrier light emitting devices 10 and 30 used for the bidirectional wavelength 
division multiplex optical communication which used two waves for drawing 10 is shown. This carrier 
light emitting device 10 (30) approaches, arranges two monolithic carrier light emitting devices 200-1 
concerning the gestalt 1 of operation, and 200-2 in the same package, and is constituted. One monolithic 
carrier light emitting device 200-1 has the surface emission-type laser VCSEL1 which carries out 
outgoing radiation of the light of wavelength lambda 1, and photodiode 200B which can detect two light 
of wavelength lambdal and lambda2. Moreover, the monolithic carrier light emitting device 200-2 of 
another side has the surface emission-type laser VCSEL2 which carries out outgoing radiation of the 
light of wavelength lambda 2, and photodiode 200B which can detect the light of wavelength lambdal 
and lambda2. 

[0100] Alignment of the outgoing radiation mouth of each surface emission-type lasers VCSEL1 and 
VGSEL2 and the light-receiving side of each photodiode 200B is optically carried out to the core section 
22 of an optical fiber 20, and these carrier light emitting devices 10 and 30 are combined. According to 
this optical transmission system, the bidirectional wavelength division multiplex optical communication 
using the light which has two different wavelength lambdal and lambda2 becomes possible. 
[0101] Moreover, as an optical fiber 20, the big plastics fiber of a core diameter can be used preferably, 
for example, HPCF (Hard Polymer Clad Fiber) of a GI (Gradedlndex) type fluorine system plastics fiber 
or GI type with small **** of light and distribution is desirable. 

[0102] According to the optical transmission system concerning the form of this operation, the 
bidirectional wavelength division multiplex optical transmission system of simple composition of 
consisting of three persons of the 1st carrier light emitting device 10, an optical fiber 20, and the 2nd 
carrier light emitting device 30 can be constituted by using the surface emission-type laser which has 
one oscillation wavelength, and the carrier light emitting device which combined two monolithic carrier 
light emitting devices which have a photodiode detectable with a single element for the light of the 
wavelength of plurality (two). And like this conventional kind of optical transmission system, since 
optics, such as a splitter, are not needed, the optical transmission system concerning the form of this 
operation has simple composition, and optical adjustment is easy and can constitute the optical 
transmission system in which low cost bidirectional wavelength division multiplex transmission is 
possible. 

[0103] (Form 4 of operation) 

(Optical transmission system) Other examples of the optical transmission system in which the 
bidirectional wavelength division multiplex optical communication using the monolithic carrier light 
emitting device concerning this invention is possible are shown. This optical transmission system 
consists of carrier light emitting devices 40 and 50 and an optical fiber 20 like the form 3 of operation, 
as shown in ^awin^_9 . 

[0104] The planar structure of the carrier light emitting devices 40 and 50 used for draw ing 11 with the 
form of this operation is shown roughly. This carrier light emitting device 40 (50) consists of a 
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monolithic carrier light emitting device 400 concerning the form 2 of operation, and three light emitting 
devices 500A, 500B, and 500C containing a surface emission-type laser. Namely, as for the carrier light 
emitting device 40 (50), light emitting devices 500A-500C are mounted on the monolithic carrier light 
emitting device 400. 

[0105] Light emitting devices 500A-500C have the surface emission-type lasers VCSEL 1, VCSEL2, 
and VCSEL3 which carry out outgoing radiation of the light of wavelength (lambda 1, lambda2, and 
lambda3) different, respectively. 

[0106] An example of these light emitting devices is shown in drawing 12 . Drawin g 12 is drawing 
showing typically the cross section which met the C-C line of drawingJLL . As for light-emitting-device 
500A shown in drawing !! , n type contact layer 502, the optical-absorption layer 503, and p type 
contact layer 504 are formed on the high resistance semiconductor substrate 501. Furthermore, the 
perpendicular resonator type surface emission-type laser VCSEL1 is formed above p type contact layer 
504. A surface emission-type laser VCSEL 1 can carry out outgoing radiation of the laser beam of 
wavelength lambda 1, for example, has the following layer structures. 

[0107] As for the surface emission-type laser VCSEL1, p type contact layer 504, the p type DBR mirror 
507, p type clad layer 508, the barrier layer 509 of multiplex quantum well structure, n type clad layer 
510, the n type AlAs layer 511, the n type DBR mirror 512, and n type contact layer 513** are formed 
of epitaxial growth one by one. Moreover, the current narrow segment 5 19 for raising the inrush current 
density near an emission center is formed in the n type AlAs layer 511 of selective oxidation. And the 
step is formed, respectively so that a part of n type contact layer 502 and p type contact layer 504 may 
be exposed. 

[0108] Moreover, the dielectric film 513 is formed in the circumference of the deposition object which 
consists of two or more semiconductor layers formed on the semiconductor substrate 501 . This dielectric 
film 513 is removed in the portion of the outgoing radiation mouth 520 of a surface emission-type laser 
VCSEL1. Furthermore, the insulating embedding layer 514 is formed in the circumference of the 
deposition object which consists of two or more semiconductor layers through the dielectric film 513. 
[0109] Furthermore, ohmic electrode 515a is formed in the circumference of the outgoing radiation 
mouth 520 of a surface emission-type laser VCS ELI. Moreover, as shown in dmwingJJ. , the ohmic 
electrodes 515b and 515c connected to n type contact layer 502 and p type contact layer 504 are formed 
in the upper surface of the embedding layer 5 14 by the predetermined pattern. Each ohmic electrodes 
515b and 515c are electrically connected with the contact layers 502 and 504 exposed in a step through 
the conductive layer in the contact hole formed in the embedding layer 514, as shown in draw]ngJ2 . 
[01 10] The pin type photodiode 500-1 which consists of n type contact layer 502, an optical-absorption 
layer 503, and a p type contact layer 504 is formed in the bottom of this surface emission-type laser 
VCSEL1, and the monitor of the outgoing radiation quantity of light of a surface emission-type laser 
VCSEL1 can be carried out by this pin type photodiode 500-1 . 

[01 1 1] Thus, the carrier light emitting devices 40 and 50 concerning the form of this operation By 
surface emission-type laser VCSEL which carries out outgoing radiation of the light of the wavelength 
lambda 4 of the monolithic carrier light emitting device 400, and three light emitting devices 500 A- 
500C, respectively Outgoing radiation of the light of four different wavelength (lambdal, lambda2, 
lambda3, and lambda4) can be carried out, and single photodiode 400B of the monolithic carrier light 
emitting device 400 can detect the light of such wavelength lambdal, lambda2, lambda3, and lambda4. 
[0112] And alignment of each outgoing radiation mouth of surface emission-type laser VCSEL of each 
surface emission-type lasers VCSEL1-VCSEL3 and the monolithic carrier light emitting device 400 and 
the light-receiving side of photodiode 400B is optically carried out to the core section 22 of an optical 
fiber 20, and these carrier light emitting devices 40 and 50 are combined. According to this optical 
transmission system, the bidirectional wavelength division multiplex optical communication using the 
light which has four different wavelength lambdal, lambda2, lambda3, and lambda4 becomes possible. 
[0113] According to the optical transmission system concerning the gestalt of this operation, the 
wavelength division multiplex optical transmission system of simple composition of consisting of three 
persons of the 1st carrier light emitting device 40, an optical fiber 20, and the 2nd carrier light emitting 
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device 50 can be constituted by using the carrier light emitting device which combined three Jight 
emitting devices which have a surface emission-type laser, and the monolithic carrier light emitting 
device which has a photodiode detectable with a single element for the light of the wavelength of one 
surface emission-type laser and plurality (four). And like this conventional kind of optical transmission 
system, since optics, such as a splitter, are not needed, the optical transmission system concerning the 
gestalt of this operation has simple composition, and optical adjustment is easy and can constitute the 
optical transmission system in which low cost bidirectional wavelength division multiplex transmission 
is possible. 
[0114] 



[Translation done.] 
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